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Generalized regional wind

climitology
|

Model fo'r:

Mountainous terrai

| |

Model for:
Roughness of terrain

Model for: '
Shelterin;

Input: Position and dimenstions
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Input: Output: \/
wind wind climatology
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of specific location
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Radiation from Mountain Formation of clouds

¥ the atmosphere effects
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Radiation from
. the earth
Evaporation and heat exchange \
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Surface friction
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11~ Betz HEmiE AR E 1]

BE B (4B (Power coefficient)

Betz fi[R 2 2 5 ERAEIE RUSRETRAY L IR > U B PRI A RETRPR R85 TP RYShAE -

Rt fSRE & H i (Power coefficient) » HEHAT ¢

2P
Cp - pAV3 (1)

#E J7114 B (Thrust coefficient)

S EESH o SV A B T 5 EhR B2 S o L B (momentum)
ZLER) > HERT ¢

2T
Cr =R 2)

JEAEMERE Hh 48 (Wind Turbine Power Curve)
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P=p, -1
Capture ___-——""'_—’ Mixing ___ _ _ | =
Stream tube ] 1 e S i Layer
4/ = - L
7Y e - N \I i e
P> P, @ Pincreasing P=P
Near Wake Intermediate Wake Far Wake
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REEVEMS UGBS - (FEREAVETREOITE MER - FEESIEEE
TSR RESTH » 2008 FHYSURRER A N-S TR Z0OKER - 28I k-omega Z 2R UETET A
[15] - &EREUR - EAYRFUSUE G RAEE] MY 20 5 EGE EISAEEHE -

%18 H



25 B R F(Capacity factor)

HENTEREPEE IR E SN FE SR DR e DA e TR S S 2 LR - A
FYE BV > SR E RIS IERE - (OR E\5 e i BRSSO UE A28 — T
% 20% ~ 40% 2 4 -

R
FENNRZEAESGR - EEAESEE - 2R EREEUERH SRS - #OH
FIAF & - 3R 2 5& [EC HURRERTYI R BB EE - rTARIBJAR % 2 5 2 Ry th: - TR
RIRVEEHESS -

2 2 ~ TEC-61400-1 ~ JE\iorah

Wind turbine class I II 111 S
V. (m/s) 10 8.5 7.5
v, (m/s) 50 425 37.5
Vs o (MVUS) 70 59.5 52.5 User defined
A 0.16
I B 0.14
C 0.12
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RRER[E - (EMEHVHAER T GER - —fiiE - B ES SR E R R - (B2
EEER IR S - JRA SR 2 T2 B A [E R - WA A ERY ST - DIEE ] Re
AIEEGZ BUZHEEE - (B AN ERIE B E — 251 - B2 —(ERUE R A L AR
(£ - AEATIEYREG SR STIR » mZAEIRMIETRE » DU T B A R - SRRSO SR IEAY
SUREANE 15 7R o FERI20 73 A oa i > ke e P88 e Y R RE SR A7 5% st & Y JEU S A EE A Y B
Hig - QVADETE R A - WA RSepR SR R R GG T - P TR E R AL R R
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Data analysis and modelling setup

A 4

Wind resource assessment and layout
design, preliminary flow simulafions ~

@

Yes

No

Site survey and on-site layout adjustment

N\

Production estimate and
load verification

Final report
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e EAERMEREEE - NIEFREETOT T - SRR AR S 7341 (probability density
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JERYZ 58 RE T2 MY » IEC 61400-1 (2005) [16](5 ISP R 15 m/s 2 250 5 Ry VIR 74
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EPHEREIRE © B REIREEERE R R ] -
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Turbulence intensity
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Mean wind speed [m/s]

[l 16 ~ 20t o0 B P-4 Je 2R fE (Ao e

{83 fi(Weibull Distribution)

SRR ST S - B A SEREN— (L - EAGEEE - HIREES S S5
EAA AR A - R B B 52 Waloddi Weibull (1887-1979)Fr 20T, = B AR AAHE{E
—{EE AR ZER T2 FIDAER B EERAE— B R DURE JEEOROB AR - SR ey &
A5315 > AT RER

=) e[ o

Hep k BRSE > 1 a ERESH - AENIRESBEIIERE - 416 17 B - &k &
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1 FEHR BRSNS > k By 3.5 Iy > RURRSREEIT R AR > & K (H R 2 B - RISEER
Hef#(Rayleigh distribution) * 558 a {HAYERALE m/s » —FREHCPFHEEEIELE » BT
T (E AL P ERT R - BEERE KRB EES SR EE - T I RERIF RS
AR -
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L 1 1
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/7 \_ [ Wind data measurements
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FINEREM R A E - BRI R E BV E RS AR > DU FRoR

Fo) = P <v) = [ Fw)dv =1 - exp [~ (2)'] 4)

PRIIEE > R i Aok i [ R R AR AR B

P(v; <v<wvy)=F(vy) —F(vy) )
P(vy <v<v,) =exp [— (%)k] —exp [— (I;—Z)R] 6)

EHREAE R o AT E 19 FR e

1.20
[ Wind data measurements —— Fitted Weibull Function
1.00 o
:f:'=-,
7":
0.80 7’/
7!

0.60 7/

1

7
040
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19 ~ B{H Rat oAU S E

B ¥4 45 Rayleigh Distribution)

W ERTEL > AR E B RAIIRS R k B 5 2 ARG - B ARHE IEC HIE
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f) = ew|-2(2)] 0

Vave Vave

Vave

F(v)zl—exp[—%(v )2] )

H H %41 (Gumbel Distribution)

FEHET S SR —(EREREAE S B R 52 B am T Bt U A PR B 3 (central
limit theorem) > 1 3& B2 AEFE B 42 LB I HYTE 2 B — R MEME 7377 (generalized extreme value,
GEV) > 5, Fisher-Tippett ¥5m - H HE 3 MHEIET GEV ARy HE b —E » HEERP a0 T 17] -

F(x) =exp l— (1 -k (%))ﬂk

,k#0 )

F(x) = exp [—exp (1 - (%))]k =0 (10)

Hep B RIESE > a BRIESE k BIIRSE - HPIRSE k (EHIHEE a] DAL
3FEAFEIPRR » W%k 3 AR -

% 3~ GEV S2RUP SR E17]

Name Type k Curvature Lower bound Upper bound
Gumbel distribution 1 k=0 Linear None None
Frechet family 2 k<0 Negative alk +u None
Weibull family 3 k>0 Positive None alk + u

A~ EH - BEBREETERS

WESeRIFTERE] B R AR & & AR5y b B ES—feE e 4 2052 -
BJERRERHE AR A 1~3 FAGHTHIRE - W HAFEH Z A S ERATAE © BUEEE
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sHETTE - 20GFE | FEANENER AR EE T BEk AN E—FRIE
{EELEESE -

PRIV [ B G2 P i T A £ M- RS- TR (measure-correlate-predict, MCP) 2 5725 AT A HE 2 i
REEDRIFIRL R A - — R A F] 10 FELLE » 2 @R R mh ey A B U BB AT Ay R HH 2%
BRHRE L 7 (concurrent) 5 BB (overlap) FE AL &7t a TER (At ST FH IEERE A A TR RE (1
SRS - MCP JAE R SE B R LEE N £ 57k - A E RN ey B R EERE RN R
S A AREAE A AT B AT 275 RIWE R B A A AETE (18] - H AT #iE MCP J57%
EEElERA ~ MR A A AR

R 2.8 (correlation coefficient)

FESEET BT - BRSO 15 MY AH BB AR SRR L FEIARRRAY RTREME » AHBR MRSy -
FE A PN R AE R - PR B R AE M S8 (BIan X, ) ZEEAERME > HERR
A

cov(X)Y)
Ox0y

R(X,Y) = (1D

cov(X,Y) = =X (X; — i) (Y — py) = E[(X; — ) (¥; = )] (12)

FERRIBRIER D BRE Y - PRAEYE R2 E(ERBOIRECHIER - EBEEE T 0 2] 1 Z[H > 246
S SRR E 52 AR HI R (ERR I 50 - PR FIE G e B 225 R TR R L 2 T R it
EHESE - HELEENE @ RGBS A RRETENGER —Egiey - TR 4225 &
HHERIR Y i E R -

W
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= 4~ M GEESEERGE —ER
Correlation Quality of
coefficient R? reference data
09~1.0 Very good
0.8~0.9 Good
0.7 ~0.8 Moderate
0.6 ~0.7 Poor
<0.5 Very poor

N A

ENEE RS E TR AR A - A SRABR P @R T AR NE - — AT L
1 REC ] AR - LRSS RNA L - B SR PR I GRS HAVEL
SEPAIE - B S B A R AR 2 E b el ey PR - 5 R (R E ELieThey - (58 R (10 5 88
F 1 /NEHAY @R - H AT [E RO M EIERY BN FERE & R S R &5 (50~ 100
SNH) > RIEZH 6 /N LA R EEETE R R E > DUA B b e 2 Ay BEGR

[ 20 Fon A [E Y R R (R B2 2 o FHILE ATk > & IR DOk -
BN ARE S A TEIRY_ EHEL - 7 1 RE] T RAVSEE B AR - Bl 7 RZRNE S

Zn/
E o
W

1.0 1.0
09 0.9
k(. ~
0.8 {08 =
0.7 —9=Comn 1 40.7
—&— Case 2
0.6 4 0.6
0.5 1 1 | 1 1 1 1 1 0.5
0 50 10.0 150 200 250 30.0 0.1 0.5 2.5 12.5
Averaging interval [Day] Averaging interval [log Day|
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Time
22 ~ BRI ES Sy 4R MRl PN FeR DR 2 JEU R BB L e

[EER R AR PE R T2

b H ERBERYSE R AT TRIHZ IMETEN] - 4018 23 AR M

TR SR B R s A TR BRI (4 - A SN TAMETRIN AT RE 2R AR -

— FREAE S MERHT BB 7 e v g 22 ] [ B A e P s AN e 1 0 A ] e 2

KoL Actual ref > ind s d Predicted wind s d
- 14.0 ctual reference win spee: — Predicted win spee
g 120 ‘ i I
o 100 M N L L ) A
K i -
o . T A\l v VY
-g 6.0 v v L) k‘ V
2 40p : \ !

2.0

0200%:’ 1/3 200(1)5 1/3 2()071;"] /3 2008“"‘ 1/3 ZUO‘I):' 1/3 201 (; 1/3
Time
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IR - BB et S BRI E120] - SRl Bt S AR5
PR - 415 SCRSA R SRR AT | (SR (BRI B T 2P i) - ISR B s
ST E 1] - FESREBRE - 4 F =TT ¢

~ ~ 2

D = Xia(P5-Y )

=m0
p-MSE

(15)

BB AP TR © AT R T E PR R » TR T
By BT © AR BB RAEA IS T U IEIRAOAERANE - (AR BRI
SRR e

B EZ MCP 7574

B I8 E TR E - HEiE 22018 MCP 2 AR - SRR IERIERE ~ SEILAE
(variance ratio method) > =7 5 [m] & [B]EF )2 (support vector regression) ~ E{H[E]EF A (Weibull regression)
A REEWeibull scale method) > 554 MEA TR LS 4EES £ (Artificial Neural network, ANN) » EH$¢

FHEHE R 2 TR 5 A2 AT E T A — 70k -

&2 [o] B A Linear Regression)

Ry Ry TSR MRl A R R B HL S 1 - i HN A e A A RS R E
ST o EREEGTAE R e R RIREZE22] © FY 1992 ~ 1993 £EH Derrick #7275 SCHk
FH i B4R M (B A 1T JEURE TARAYBZE - HOTRE2 = R(23]

Y=f(X)=aX+b (16)
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24 ~ SRV BIER =BS5S

AR A (Artificial Neural Networks, ANN)

FHAE RS A(ANNE S TR BIRY il St 2 ST R B A s 2 5 B A
R B R MERUR Y R (pattern) Z AE T » HIZREE DL BRHVHIETT %l - i A Z EER
HELTHERELETE24] - AAN ZHRIDIEE el A - RS =UE T E > e[
i L 25l i e B AT i ASTe R B RS 0 (3 I (L (threshold value) 2 #8 & (1]
25 75) » AU N EHFER -

f(Zwi; X — b)) 17

Heh X E2EEWHETHA > o BEE 0 b 2MMEE - HEEREE > ASEIEEN
giiEs o MEE ZR T EHEO T2 R HTH T E R O HE T TR - SRR E
RS 2 Ry B BEIR - SlIREYE R G DU Y T ST o S DA N 2 e B S U T
ST - DUEBEERLZ MCP S - BB R RS 5 EER ik 2 MERHE TR - Br T & - B
At 2K ANN R B (L 25 206) - bR T3 AJE - BATERTE - sl SEiEE
ERtE A [F g 2 AT 2 B TEIIGR - DU Nz e B S5R > U RET R
R30[25] - FEMEE TAZ EERT ANN ZETTo0M > A DU 28RBS © (1) I FaRIEZ Bl > (2)
A EREAERI(A SEREZERD > G)rlH 1 8L EZ RIAAIFERH26] - {EAEE
RN g
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Input lyr Hidden lyr  Output lyr

Single “neuron™
X Input #1

(1)1
X D) Input #2

=Tk Input #3

Xa Input #4

N BGSRERGEE

FEHEFT RS RE R PRTIR » & Fs M2 — AL JR\ 5 £ LA 20 AR TR T Re s i %/ V&
B EARRA > SLAESS IR R RER L (ESE - N B )58 S A TR 2R,
FIT LR B Y RS 5 GTHATE ARTER (7 ER 4 Rl A - {BLEUaE &l el B8 L HYRY 2 & ST
Sk eI E T EAANHEEN: - IESEHETREHVEEE - SEAMEE I B il 0 — kG
PRIV PRTAVEE R BHRERRE T - HAlh i EAST 2R (g TR R EE LR - —
MR LR B AT - StatiaEE - HP USSR AT IR © BSOS 2 A P
S EEESOTREMEML - (DRIEE N - AfESEoAn  HEE A - AiERE > )
IR E Rt R - O)EWRBERILEERE - (DPaREETR - O)FEIEAEAEEMR

IR -

F BT EHEE T E (Gross and Net AEP)

EHEEZRGEAFEETIEAEN N8R - MR AP — R EERuaR IS
Ef% > BEIS—HEEE - HHEBEKRSIEI RS Z B S AmE s&at B S R R R
HWAEE > DUBTE ST B 05 2 F3 R - ARG S E BRI 20% 44 » BE—
SL R PIBURIER B G E 10%E] 40% 2 ML - A amic TIRRmER I - FnlservfE
RARK - WAEHE (L E % B M B A 2% -
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EE 7R 38 FE(Wake Losses)

RS S 2 8L RIE A TR R — MBI SR TRIREIAE 3% 5] 15% 2 [ -
WIRAKIL 15% > HIFES E TR RIS T « T — iy MU A R A 5 [ 2 R A
DY S ERYEBR ERS - BEFERITRES O E LI M ERAY T RAHE RS RE 3 #8515
DLEAY RS EASAYRETRE - (R EUGRER 2% -

1] F =R $E 5% (Availability Losses)

A FH A R S5 A e i S R T A T RO B A I R R EE A SR
NI S E N R AR F EE - QIRESHY ] FR e N > e a7 - &
FRFTRRAY AT AR - SRS 2 0] FIRIBREUTE S%/its (B ALEER 2% 10%.2fH -
TR BUE R Z Sf/K AR SR R T VOl B A S N R B 2 b - AR R R A TR AR AR

A PSRRI E LURCUSRERY T A 230 - 1258 | FERYIRHY T > IWAERERTRHENRE
B8 AR R LS > IR PRSP B e BT - NI — S ARG S 1 S8
Bei% 3 IR ER S HY Al FIRIEA » AR TR R HIIESE -

MEE B 43735 (Power Curve Performance)

iEprERRE A ABLE R ATt 2 MERE il dR Z 3838 - WSS S IR EE - Al
FPERE I SRBAE SRS E R AP HY O ORI ARy - IR & AR RS B IR RS 1& - AJ8E
FHARAVER - BRERSZZ0m - BB~ B b i R E F A e B R B PR
o HRIHY B HIPERE # SREVA HEE M IS RUEVIRREILE 5% /A (27] -

B J73555 (Electrical Losses)

JEI Z SRR IR EEE 3 HAE © JRARS - e TR AT LU SR - P EAGR
BEIRR ATy Ry IRIL ~ BET-RR ~ FEREER (stray losses) BJFFE(consumption) © SRRBTFEEL
ZH MW S54f > B S 438 B - ETHRE IR 3.2% % 4.4% 7 [H1[28] - HAIAYEE JIHRLLITE 4%
F 5% -
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Curtailment(FIE35FE)

TR 1 & RN R N 2R AR B T T e i PR A 1500 - mTRE IR N BB IR
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FEREE 7 FHEEHE(AEP Uncertainty)
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FEFEREIIAN T SRR G 2] P E AR A TR A T

P95 =u— 1960 (18)
P90 =y — 1.28¢ (19)
P75 =pu—0.670 (20)

P50 = pu (21)

JE I A HEE [

JR\SZ e AT R R IS A RS M R AR S Ay SRR B SR T Y R = FE Y B (E B T3 - — i
JESSHE SR AN T A 1 F S AR R BRI 2 PERESZ R - RMEAE 3%F1 10 Z RA[30] » 05
—(EEIS A 5 BELLERYRIES - B e S gt BRI se BV T A HEE AT
BApEE o (B —EESS A &A1 2] 2 FEAHIERE SR - Fr DAERF A A e MR Bt 2

SEA R B T 2T -

BEEY ertical Extrapolation

7 LA MaE BRIk = FE A RS MR S = FERYARTE - A M R ZE Y] oy
AATEMIRYERE » R VISR ~ J51R ~ i s mER A RE o dREGHY S S IR S R - A
RV E P ER TSN HEETEEWAZ EE T - (RIS HERERE - E(EERI MY HEE M
FLITTHY 10%%] 20%.2 fE[31] - 5800 ARV TR A ELEE R - (EATRE I BT SR AR
DR AR - AT DA R S 1S 5 7 (YRR -

7KE4MaE(Horizontal Extrapolation)
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EMVE -

x5 AEHIPRE T - EEREDAIESEERE 1 A B2 AHEE M IR

Terrain type WAsP and CFD
similar models
Flat and open 0.5% 0.5%
Smooth hills 1.0% 0,9%
Complex 1.5% 1.2%

ERERP AL ER &5
JRRE R i & B RS BN ARG S UG — VB AR (R TR N S EME N S T1RE
aHEELDATR Z EERYR - JERELITIEA ¢
(1) HIE LS A R AE B e

) EgESTET

(3) EUGHYREGRITFANEEK ~ VOEEBIEIE )

4) EGH— ARG E ~ B E - SR st )
(5) KA

(6) EZiE5E

(7) BRI FEEE

(8) E SR AR B R E )

©) AHEE M TS R E RS

(10) FREER EEFAL (U100 22)

S9Nl RE B FH PR B R SR AT S8 3 2 S B EARRE R s 2 BBk T - BP 2019 2 #z
EEHB2] AR E T BB REE 2R Z RE IR & Tl A KR EORHY B EA (8 27) -
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Hoep Dlthl& o338 - (G EER e A i T 28R -

Renewables are the largest source of energy growth, growing in
importance in global power markets

Renewables share of power Renewables share of power
generation by source generation by region
30% ! 60% '
! ——EU
. Geothermal and biomass !
25% Solar l 50%
Bl wind

20%

. 40%
1

15% | . 30%
!
!
!

20%

10%

5% 10%

0% 0%

1995 2010 2025 2040 1995 2010 2025 2040

27 ~ BP iz TR Z FE AR AE R S e TR A 5 54(32]
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20 B PRIk Z Bl R S S R A S AT IE] ©
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Near shore suitable zones ! o
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BEEm S MTEE SRR - PHERVBE R RS R LIAE 15 TWhiyr PL 2020 SEFRASEITTS -
Ayt 40% 2 FoK - B SN - FERHSE 400 kV FE 2 IS TG 24t » DUEIE
FRIE 2y BB D BAS 280 - ARG 5 T R AT RE & £ AU B = RSB 58 T T e S sl Sttt i -
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Wind energy production
2MW, 100m turbine [kWh/kWI/yr]

[ ] <5000

[ ] 5.001-6.000
[ 6.001-7.000
I 7.001-8.000
B s.001-9.000
I s.001 - 10.000
I - 10000

Wind area planning ’ \
- Areas found suitable AEF BT s NS
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FEfEF(digital elevation model, DEM) > i & B & FY Y 2 88 ERUFE B — 2219 73 Kwon
11 @ stergaard R 73T FHEAE 2050 FEAVEE IR FE KB AR E[35] - 0TI R BB 7 Sk Ak | = {EER 7 -
[E22 ~ PEEEL TR E0P (1 32 ~ & 33 ~ [ 34) ©

14, 40.

12. - 35.

F 30.

10.

F 25.

£
L 20. ?_.

r 15.

Industry

TWh

N -

Residential

Service

F 10.

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Year

32~ FHEEE 1980 -2 2012 2 FERFE oK b EL(E[35]

® Other

m Refrigerators/freezers
® Lighting

® Cookers

uPC

= Water heaters

= Washing equipments
= TV/Video

33~ FIRZJE S B RISELE35]

%39 H



3.50%
5.50%

7.20%

9.10%

9.20%

18.90%

® Lighting

m Refrigerator/freezer

® Ventilation

® Electronic

® Space heating

® Heating/cooling

= Electri motor

® Pumping
Compressed air

[ 34 ~ P& PSR B AAG ELE [35]

6~ PHERRIEZ 2050 REJFAREIZR(35]

CC2050

Electricity production capacity
Offshore wind
Onshore wind
Wave power
PV
CHP capacity
Condensing power plants capacity

Flexible technologies

Heat pump (District heating)

V2G
Annual Electricity consumption
Heat demand from district heating
Heat demand from individual heating
Biomass consumption in Transportation
Biomass consumption in industry
Waste
Interconnection capacity
Efficiency of CHP
Efficiency of condensing power plant
COP of heat pump

14,600 MW
4000 MW
450 MW
3250 MW
2500 MW
3700 MW

4504 MW
21TWh
454 TW h
36.9TWh
31.75TWh
11.45TWh
10TW h
12TWh
12,000 MW
40% (electricity), 50% (heat)
45%

3

%40 H




% T~ FHEE 2050 RETRAR H B M R R BB ELHER(35]

Parameters CC2050 FD2050 Difference
International exchange

Import (TW h) 1.23 0.98 -0.25
Export (TW h) 14.83 14.02 -0.81
Condensing power plant operation

Electricity production (TW h) 13.86 13.52 -0.34
Biomass consumption (TW h) 30.8 30.04 -0.76

Consumption

Electricity consumption (heat and transport  88.05 88.09 +0.04
sectors included)

Heat consumption 51.26 51.26 0

HEERBUR » X RIEIFTETIRIER - NIRRT EN AR > KB 2 B 0f
PRV LN R AR 2B A - E A RENEIIEEHE T K LEE N - A =
1~2 GW KL BB 4RI EE K B AETL(FE 6 ~ F2 7) » Andersen RIS 8h=CMk =2 BT
SRR [36] - Br T B AT AN TNETT IR BN E S 4 KB b I i i 2 Y 22 5 (8] 35) -

& -

4] Tw

35 ~ Andersen 7 2 B TCHE AR BTG 247 [36]
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36 ~ Andersen BBl RV B BR e+ RS R EEEL(30]

RIE R F 2 BB # S FAST 7E E AT AR k% » B RES i 4 2 18 HE SR A RE
BFEFIREE L ARGET - KEERAERILE > Bk —204E - Murcia 81 J. D. Serensen %5
NG — R PR 2 e e R (8] 37)3% BB & (B 38) 2 A HEE MEHE Bl oA 7 A e T et it

FEI37] -

37 ~ Murcia 1 J. D. Serensen 55 AT 7341 2 B A RIS ZE51[37]
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Vestas v80 ZMW offshore
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exp. power curve
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ik, '039 1y data_v1' Observed wind climate EI

Histogram bins I Location information I Statistics I

Sector Wind dimate Power Quality
# angle [f] fregq. [3] W-A[mfs] Weibuldk U [m/s] P [Wm3  delta-l [3%]
1 a 4.8 2.8 2.05 2.32 14 1.635%
2 30 346 5.2 244 4.66 99 0.543%
3 &0 11.8 3.9 1.88 3.50 53 -0.185%
4 90 1.8 1.7 171 1.43 5 2.870%
5 120 4.5 1.6 1.82 1.45 4 3.549%
] 150 5.5 1.5 1.89 1.35 3 3.722%
7 180 6.0 1.6 2,18 1.40 3 3.720%
g 210 5.2 1.7 2.02 1.50 4 2.780%
9 240 6.4 21 1.45 1.86 11 -2.429%
10 27 8.3 2.8 1.69 2,29 17 0.112%
11 300 5.3 2.8 1.92 2,33 15 2.126%
12 330 5.8 2.8 2.02 2,50 15 1.555%
All (emergent) 3.04 46
Source data nfa nfa
60,04
Sector: Al
] U: 3.04m/fs
P: 46 W/m2
— Emergent

f 4
[%/(m/s)] 5!

1] u [m/fs] 14.00

35.0%

B 41 - el oTT 2 AR

FElCZ BBREPRA 1 kW Z/K P hal e - FESR AR B PEREfER - 4018 42 Aok -

1. Technical Specifications
Model 1000
Rated Power 1000w 1000 Wind Turbine Power Curve
Max. Power 1200W
Rated Voltage 24vdc [ 48vdc [ 110vdc L
Rated rotation speed 750rpm 4508
Start-up Wind Speed 2.0m/s _
Cut-in Wind Speed 2.5mis 2
Rated Wind Speed 12m/s 2
Survival Wind Speed 50m/s § o
Rotor Diameter 2m §
& 400
Blades Quantity 5
Swept area 3.14m* 200
Noise Level <20 dB (5m behind turbine @5m/s gusting)
Generator Type Three phase PMA % 3 4 5 6 7 8 9 W W o2 13 14 15 % 1
Wind Turbine Type Upwind Wind Speed (m/s)
Tower connection Flange connection or bolt-on clamp
Temperature -40°C~60°C
Strong wind protection mode electromagnetic brake, blades aerodynamic brake
Service life 15 years
Net weight 28kg
Gross weight 32kg
Package size 146x53x27cm

[l 42 ~ 1 kW RSB AR AS B AE Hh 4R

CEHE LR
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SIMTEESR - AITRER 8 FR o bR T IRAS 039 BERVERLYD » SEAT 048 BESS 2 2 MG THE M E
TR AR RS > IREERE 2 SHEDRHERAET T oMt 3 - 039 BE Z M B s B M=)
IH 96% > 1M 048 BE AL EERE EISEAT - EERMEEMDEK - A 2% 258k > kA 2 4
A EEEE R TR 2 GRS A 225 o REEAEO 2 e > HEZ RS 2 FREE

&JTE 600 kWh 7245 -

® 8~ HREEGZEBIIIHTER

Weather data AEP (kwh) Ps.
Hall 048 (62% availability) 676 Within wind farm
Hall 059 (96% availability) 566 Higher data availability
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BEILOFERS 2 275 o a7 BB o B SO T 38R
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AALBORG UNIVERSITY

A

DENMARK
Dr. Ming-Hong Chen Department of Civil Engineering
Assistant research fellow Thomas Manns Vej 23
Mechanical and System Engineering Program 9220 Aalborg
Institute of Nuclear Energy Research Denmark
1000 Wenhua Rd. Jiaan Village, Longtan District Taoyuan City, Professor

32546 Taiwan (ROC)

John Dalsgaard Serensen
Phone: +45 9940 8581
E-mail: jds@civil.aau.dk

Date: 31-03-2019

Invitation for visit the ‘Research Group Risk and Reliability’ at Aalborg University
Dear Dr. Ming-Hong Chen,

You are hereby invited to visit the research group ‘Risk and reliability’ at Department of Civil Engineering, Aalborg
University May 13 to May 24, 2019. The purpose of the visit is to discuss and strengthen the collaboration within
reliability of offshore wind turbines, especially related to wind resources of Taiwan areas, souring of foundation
structure for offshore wind power, and information of collections of offshore wind resources in Taiwan.

Best regards,

1 L, SeHnsin

John D Sarensen

Professor John Dalsgaard Serensen
Department of Civil Engineering, room 1-320
Aalborg University

Thomas Manns Vej 23, 9200 Aalborg
Denmark

Tel: +45 9940 8581

Mob: +45 2077 5805
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Research and Development
progress of Wind energy in Taiwan

Dr. Ming-Hong Chen

Mechanical and System Engineering Program,
Institute of Nuclear Energy Research (INER)

Taiwan

Sl May-2019

Outline

1. Offshore wind project in Taiwan
2. Institute of Nuclear Energy Research
3. Research Topics

1. Wind Resources Assessment

2. Micro-siting

3. CFD and Lidar

4.  Scouring of Offshore wind turbine
4. Summary

a2
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Oftfshore

wind farm in Taiwan

‘ e
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Offshore wind project in Taiwan

Installed
capacity

2015~2020 | 520 MW Demo + Potential
3GW
55GW . . |NTD 6/kWh
2020~2025 (3GW early) Demo + Potential 5 S
Bidding
2025~ |10~17GW Zonal development

2

I Bureau of Energy. Ministry of Economic Affairs I
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Offshore wind project in Taiwan
Orsted

* Final decision made by Orsted 10082015 17244
e Build 900 MW offshore wind farm from 2021
to 2022

I https://orsted tw/zh/News/2019/04/Changhua I

VR
Ay
3/
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Institute of Nuclear Energy Research (INER)

Other Staffs 46 persons 5.8%

P
%
Research Staffs
376 persons 47.7%
"

Administrative
89 persons 11.3%

278 persons 35.2%

( Official Staffs 789 persons )

2016 Annual Budget unit:Thousand NTD
Administration and Safety 1,155, 953 54.2%
Management, Operation and Maintenance 182, 874 8.6%
R&D Projects 659, 748 30. 9%
N Technology Promotion and Service 134,791 6.3%
gﬁ;{ Total 2,133,366 100.00%
\‘ﬁtl !;
= - I https://www.iner.gov.tw/fileshare/103_36.html I
6
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Institute of Nuclear Energy Research (INER)
* Nuclear Safety

 Radiation Application
* New Energy

SMALL WIND TURBINE DESIGN EVALUATION LAB

INER-Wind Energy Road map
92005~2006 > >2007~2008 > >2009~2010 > >2011~2012 > > 2013~ >

2 IS KW WI 400W WT
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Design and verification Lab
* (Voluntary Product Certification, VPC)

CNS 15176-2 (2011,2013rev),-11, -12-1,

CNS 15176-2-1 (2012) 4
Y | &ﬂ{é International

{renewablel UK BWEA(2008) T‘ o emen Certification Scheme
AWEA T US AWEA9.1(2009) Desl'&, SWCC, MCS, JSWCC

TUV-NEL, DNV, Intertek,
ClassNK....

JSWTA Japan JSWTA(2013)
|28 TEC61400-2ed3(2013)

VPC Tai
Type Testing Reports I o I /

o . Bureau of Standards,
&E/}/ %é;s“e E—Rs Metrology and Inspection,
e - M.0.E.A.

SMALL WIND TURBINE DESIGN EVALUATION LAB

Design and verification Lab
» DS3000: world first VAWT certificated by Japan

Wind farm in Central Taiwan-432 DS3000

oY
e

10
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for fixed-bottom underwater structures
[ 2014~2015 N 2016~2017 & ¢ 2019~2021 |

g‘tegz;.t:ggﬂ Effect of Typhoon and Build the Scaling Water Experiment Verification
A.ny:lvsis g / Earthquake / Tank Experiment / and Optimization /
T — e 1 )
SMW onshore i
i 0C4 phase |
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{

)

e
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Technology development for design certificatio
2014 | 20152016 ( 2017 |

Build Local International Build Local OWT Finish Domestic OWT
Environmental Standard Comparison Design Certification Design Guideline
Parameter Database / and Analysis / Procedure g /
(validated) sit i
Type certified wind turbine | Wind turbine / RNA He-SpECIlC
FER Y support _structure
Wind conditions
L Simulation 8
Hydrodynamic T Tord Soil
effects pplied standar k Damping
(IEC ~ DNV GL) (stiffness)
Load simulation flowchart
DNV GL
DNVGL-ST-0437
IEC 61400_3 Windturbineclass | 1 nom
Veed K 25 | 318
G L = FEERES
Halml] 10 |
OA | T ls) 125
Ll 04
N . Mool 6|
gﬁ/" GL Offshore 2012  GL Technical Note B R
‘;éﬁ Tropical Cyclones d
t » WEN n; |.u
12
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Technology development for design certification

IEC 61400-3 Design situation
DLC 1.x Power production
DLC 2x Power production plus occurrence of fault
DLC 3.x Start up
DLC 4x Normal shut down
DLC 5x Emergency shut down
DLC 6.x Parked (standing still or idling)
DLC 7.x Parked and fault conditions
GL 2012 Design situation (for Earthquake)
DLC 9.7-9.9 Power production & Parked
: Design situation
N SR B (for tropical cyclone conditions)
&:é{, DLC 11.1-11.3 Power production & Parked

TR
%)

SMALL WIND TURBINE DESIGN EVALUATION LAB

13

i

Technology development for floating OW
0142 I Y I

. . ) Scaling Water Tank
Offshore VAWT Preliminary Research g:ﬂi ;:h: ff_i’:l:':liwa“" E el ani
/ = / Model Verification /
: Step 2: Coavert full 'W}
Pt e scak oo el |—up-scaled model|
\urbine model with scaling factor

of 1/50

-

Step 3: Model-scale

1

Step 3: Full-scale
simulation for simulation for
forces, deflections forces, deflections
cte. cte.

N

Step 6: Comparison S G
Lescall

of criginal and P& Lo
sy 1o full-scale results
SO e

Flowchart for scaling simulation procedure

ar

Transition Piece

el in A
50 150 250 350 450 550 650
Time (s)

Towertop My

4500%0 150 250 350 450 550 B850
Time (s)
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Taiwan Seismic Hazard Maps

122*
N
251
(]
- e -
(Wdormaters)
g \ s /
Taiwan ) Taiwan  msee
straits AN straits
241 L 241 < L
7 N :
Penghu f Penglu
Islands Islands
v
J'g:
>
s
234
475 year RTP 2475 year RTP
1 Prob. of exceedance \ | Prob. of exceedance
/)/,, of 10% in SOyy \‘ of 2% in 50yr S
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Taiwan Seismic Hazard Maps

e Frechet distribution

F = _ba™® ca>0 o
e ok b, =1.835x 10°
b, = 2.95

Density
T e

PGA(a) | RTP(T) .
0.2g 475 years f
0.35g | 2475 years S0 0w

0.03 0.04 0.05 0.06 0,67 0.08 0.09 l:).l 0.11
PGA(g2)

-

16
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Reliability Analysis

Pr= f, P.(a)- f,(a)da

p= 'q)'l(pf)

Damage | Damping Damage Reliability
State ratio probability Index
DS, 9.55x10-%4 3.1

2%
DS, 8.70 x10°%° 3.75
DS, 2.34 x10-% 35
5%
DS, 2.17 x10-% 4.09

_» IEC 61400-1 reliability index target is 3.3

2

17

VR,
%)
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Operation and maintenance
* Blade NDT

Frequency (Hz)
c® SR T FEY

&:é/{ Infiored Hammer test

18
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Operation and maintenance

* Real time monitor

and fault diagnostic
system

INER P150Il Bearing

Ampliude

4
Time(sec)

19

SMALL WIND TURBINE DESIGN EVALUATION LAB

International communication (1/3)
* IEA Task 27 in

Taiwan (2016)

Bureau of Standards,

Metrology and Inspection,
M.O.E.A.

20
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International communication (2/3

~

ISHIHARA Takeshi of Tokyo University for | | ClassNK, Japan for load
typhoon measurement

BH 5t K F

THE UNIVERSITY OF TOKYO

21
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International communication (3/3

Prof. J. D. Serensen of AAU for reliability || Prof. Po Wen Cheng of Leiter Stuttgarter
of OWT Lehrstuhl fir Windenergie (SWE) for
design and verification and floating OWT

Universitat Stuttgart
Institut fur Flugzeugbau

AALBORG UNIVERSITET

22
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Research Topics

WRA (Wind resources assessment)

A
8 )

DS 3000

£ 4F, 132 kWh (3 kW)
\ ‘ |
\\‘ h

Supervising Agency
Atomic Energy Council

24
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Mt. Xiangtian

| KE 4800 (VPC) |

gﬁ{z AEP ~ 8000~9000 kWh

25
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Micro-siting, in INER

DS 30006 048

048
022/029,
‘i

150 kW

Cases Height (m) ‘ V hean (IM/S) AEP (MWh) Increment

150 kW 50 3.45 50 —
DS3000 6.08 1.16 0.137 =
DS3000@048 16 1.85 0.324 2.36
DS3000@060 41 315 1.378 10.06
KE4800 1553 1.74 0.818 —
KE4800@048 23 2.51 1.651 2.02
KE4800@060 48 3.35 3.328 4.07 5
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CFD model and Lidar data

—1208 ~#~deviation vs 30m

25%
20%
z
E
3 50
g 15%
=
=
z1
Measurement 280 meters
Range

200+ meters

40 meters

27
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CFD model and Lidar data

160

140

120

- 100

ht (m

£ 80
el
=

2

40

20

0 2 4 6 8 0 12 14 16 18 20
‘Wind speed (m/s)

28
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Scour and failure mode

22020000

e = 2
oo,
S

Zaaijer, M. B., and J. Van der Tempel. "Scour protection: a necessity ora waste of
money." Proceedings of the 43 IEA Topixal Expert Meeting. 2004

29
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Results and discussion-Monopile

3 3
2 . 2 N
1 £ 1 E
(1 E 0 E
K] § Kl s
< 1 2
-3 -3
Time = 300.0 sec Time = 300.0 sec
With Protection
30
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Radius of protection structure |

Protection, h=1 m, R (m) =4.5, 6.0, 9.0, 12.0, 15.0

Tie » 3001 sac .
2 l, - Time = 3000 soc 5
A S 10 - Yoz
£ £
z
) °§ ) ‘ : 0 g
I.v “0 ivv
2 2 20 2
fad W WM "*“‘ . W N 30 30 30 W M0 30 0 M0 400

5 Tiene = 300.1 sec ¥ Time = 300.1 sec
l ) 2
10 10 1
. £ =
’ 3 / ) £
= IS &
8 ( % o g £, . g s g
10 o »
I 10 "
mm 3o 320 330 340 30 260 o 380 390 400 2 2 -2
xim) 300 310 30 30 M0 30 380 370 30 390 400

31
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Scouring Experimental method

e

Main system

| Warming buoy system | I GFS system l LY Lihrs

Tzu Chi University
o e |

< 1S
Tzu Chi University. Prof. Jiang. Taiwan, 2019 2
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Summary

* OWT project and progress in Taiwan
— 5.5GW by 2025,now 8 MW

— Final decision made by Orsted to build 900 MW offshore wind farm
from 2021 to 2022 (April-30/2019)

* R & D of INER
— Small to mid-scale wind turbine
— Design and Verification Lab
— Offshore wind turbine techniques
— Operational and maintenance

* International corporations
— IEA, Japan, Denmark (AAU) and Germany (SWE)

* Research topics
gﬁ;\:{ — WRA. micro-siting, CFD, Lidar, Scouring
l‘ﬁl !;

33
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Thank you for your

&u{ attention

34
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2019/5/20 Workshop 'Offshore

EE e e
Workshop 'Offshore

John Dalsgaard Sgrensen [jds@civil.aau.dk]

z: Amol Mankar [ama@civil.aau.dk]; ‘Gianluca Zorzi' [zorzi@gudconsult.de]; Sima Rastayesh [sir@civil.aau.dk]; -

Yi Yang [yy@civil.aau.dk]; René Meklenborg Miltersen Slot [rmms@civil.aau.dk];
Dawid Augustyn [DAWA@ramboll.com]; Lars Bo Ibsen [Ibi@civil.aau.dk]; Christian Frier [cf@civil.aau.dk]; =

Rl Lene Faber Ussing [Ifu@civil.aau.dk]
20194E5H16FH F4- 01:27

Dear all,

Hereby an invitation to participate in a workshop ‘Offshore wind turbine design — with focus on reliability aspects’
Monday May 20, 2019 at 12:30.

The workshop takes place in room 1.252.

Program:

Ming-Hong Chen, INER, Taiwan: Status of offshore wind in Taiwan, recent research on offshore wind resource,
scouring of offshore wind foundation

John D Sgrensen. Probabilistic design of wind turbines

Jannie S Nielsen: Operation & maintenance of offshore wind turbines

Thomas L Andersen: Wave loads on offshore wind turbines

Amol Mankar: Reliability based design of concrete offshore wind turbine substructures

Gianluca Zorzi: Geotechnical aspects of design of offshore wind turbines

Best regards,
John

Professor John Dalsgaard Sgrensen
Department of Civil Engineering, room 1-320
Aalborg University

Thomas Manns Vej 23, 9200 Aalborg
Denmark

Tel: +45 9940 8581

Mob: +45 2077 5805

https://excweb.iner.gov.tw/owa/?ae=Item&a=Open&t=IPM.Note&id=RgAAAAA5gUIaOVNOTJHrLW3DITM%2bBwAD7ieJWM1bTL5CbfS8MUI0AB...  1/1
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